Objective The objective of the study was to evaluate whether sibutramine and rimonabant, drugs that decrease food intake in human and non-human animals, affect the discriminative stimulus effects associated with acute food deprivation ("hunger"). Materials and methods Rats were trained to discriminate between 22-and 2-h food deprivation in a two-lever choice procedure. After rats acquired the discrimination, subjects were food-restricted for 22 h and administered with sibutramine (0.32-10 mg/kg, p.o.) or rimonabant (0.32-10 mg/kg, s.c.) before a generalization test session. Results Sibutramine (3.2 mg/kg) produced significant decreases in 22-h deprivation-appropriate responding, response rates (resulting in lever pressing rates similar to those following 2-h food deprivation), and food intake measured 1 h after the generalization test. A larger sibutramine dose eliminated responding and significantly reduced food intake. Rimonabant did not alter the discriminative stimulus effects of 22-h food deprivation, but rimonabant did significantly reduce both response rates and food intake. Conclusion Sibutramine appears to decrease food intake by reducing hunger sensations associated with food deprivation. In contrast, rimonabant does not alter the discrimination of acute food deprivation. The use of food-deprivation discrimination techniques may be useful in identifying the role of specific neuroactive compounds in eating stimulated by a sense of hunger and may aid in medication development for more effective treatments for obesity and other eating-related conditions.
Introduction
Obesity is a leading cause of premature illness and death in the United States. Currently, about one third of adults in the United States are obese (Ogden et al. 2006) . Worldwide, more than 800 million people are overweight, and 300 million are obese. This obesity pandemic has resulted in major efforts to develop anorectic drugs. Very few drugs have been developed for obesity treatment, and those that are approved have only limited success. One reason might be that humans eat for many reasons other than "hunger," which we define as nutrient seeking or eating for energy needs. Most obesity drugs target eating driven by energy needs. However, humans also eat for reasons other than hunger. For example, after a satiating large meal, people often ingest desserts high in sugar and fat, likely due to their rewarding properties.
Sibutramine is an anorectic drug that is used widely for the treatment of obesity. It was approved in the United States in 1997 and in the European Union in 1999 (Luque and Rey 1999) . Sibutramine is a norepinephrine and serotonin reuptake inhibitor (Gundlah et al. 1997) . Sibutramine is less effective as a dopamine reuptake inhibitor and did not generalize to D-amphetamine in rats trained to discriminate D-amphetamine (0.5 mg/kg, i.p.) from saline (Buckett et al. 1988) . Sibutramine reduces food intake in humans (Weintraub et al. 1991 ) and non-humans (Jackson et al. 1997a, b) . In randomized, double-blind, placebo-controlled studies, sibutramine produced an average placebo-subtracted weight loss of less than 5% (Hansen et al. 2001) .
The endocannabinoid circuits have also been thought to be involved in food intake regulation. Rimonabant, a CB1-receptor antagonist (Rinaldi-Carmona et al. 1994) , decreases food intake in laboratory animals (Colombo et al. 1998) , and more recently has been shown to decrease intake in humans (Heshmati et al. 2001) . The double-blind trials demonstrated that rimonabant decreases weight in human subjects by 4-6 kg. As was found with sibutramine, rimonabant produced an average placebo-subtracted weight loss of less than 5% (Pi-Sunyer et al. 2006) . Rimonabant has been shown to produce discriminative stimulus effects using a discriminated taste avoidance procedure (Järbe et al. 2004 (Järbe et al. , 2008 , and rimonabant antagonizes the discriminative stimulus effects of THC and other CB 1 agonists (Järbe et al. 2001; Mansbach et al. 1996; Wiley et al. 1995a, b) .
The mechanism by which these drugs decrease intake is not clear. To test whether hunger is directly involved in the decrease in eating behavior associated with sibutramine and rimonabant, we asked rats to report their hunger status using an operant behavior, discrimination procedure in which rats were trained to discriminate between 22-and 2-h acute food deprivation. Several groups of investigators have used discrimination methodology to train rats that were chronically deprived to recognize the difference between two levels of food deprivation. Corwin et al. trained rats maintained at approximately 80% of their freefeeding weight to discriminate between food consumed 22 or 3 h before experimental sessions. Corwin et al. reported that the satiety peptide cholecystokinin (CCK) or ingestion of sweetened condensed milk induced effects similar to food consumption occurring 3 h before a test session, whereas D-amphetamine and fenfluramine did not reliably produce effects similar to 3-h food ingestion (Corwin et al. 1990 ). This suggests that CCK produced in effects that resembled a food-satiated state, rather than a food-deprived state. Using a similar methodology in animals that were not chronically restricted, we found that when rats foodrestricted for only 2 h were centrally injected with orexigenic agents neuropeptide Y (NPY) or ghrelin, rats responded on the lever associated with a 22-h food deprivation (Jewett et al. 2006 ). This suggests that internal stimuli associated with NPY or ghrelin resembled stimuli produced by 22 h of food deprivation. Thus, one might conclude that central injection of NPY or ghrelin results in hunger.
We wondered to what extent this behavioral assay might be useful in helping to identify potential pharmacotherapies for obesity and other eating-related conditions. In the present study, we assessed the ability of sibutramine and rimonabant to reduce the discriminative stimulus effects of 22-h food deprivation. 
Materials and methods

Subjects
Apparatus
Daily discrimination sessions were conducted in eight standard operant conditioning chambers (Med-Associates, St. Albans, VT, USA) equipped with two response levers. Forty-five milligram food pellets (Bio-Serve F#0021, Frenchtown, NJ, USA) reinforced lever pressing and were delivered by a pellet dispenser into a food pellet trough located between the two response levers. A houselight located in the back panel of the operant conditioning chamber was illuminated during experimental sessions. Operant conditioning chambers were located in ventilated, sound-attenuating cubicles equipped with fans. Experimental contingencies and data recording were executed via Med Associates software and a personal computer located in an adjacent room.
Drugs
Sibutramine hydrochloride (Tocris Bioscience, Ellisville, MO, USA) was dissolved in water and administered via oral gavage in a volume of 1 ml/kg using a curved 16-gauge feeding needle (Fine Science Tools, Foster City, CA, USA) attached to a 1-ml syringe. The National Institute of Mental Health's Chemical Synthesis and Drug Supply Program generously provided rimonabant (SR-141716). Rimonabant was dissolved in 75% propolyene glycol and injected s.c. All solutions were administered in a volume of 1 ml/kg.
Discrimination training procedure
Rats were initially food-deprived to ∼85% of their freefeeding weight and trained to lever press via the method of successive approximations. Initially, a single lever press was reinforced with a 45 mg food pellet (Bio-Serv F#0021). Response requirements were gradually increased until 15 lever presses (fixed ratio 15 (FR 15)) were required to produce food. When responding reliably occurred to both levers, rats were given free access to food for 3-5 days before discrimination training began. Rats were trained to discriminate between 22-and 2-h acute food deprivation using multiple cycle training. Under 22-h conditions, food was removed 22 h before the training session. Rats were placed into the operant conditioning chambers 5 min before the first training cycle. When the first training cycle began, the houselight was illuminated, and 15 left lever presses were reinforced with a 45 mg food pellet under a FR 15 reinforcement schedule. Incorrect (right) lever presses resulted in 8 s of darkness under a FR 15. Training continued until five reinforcers were earned or 5 min elapsed. One or more additional training cycles, identical to the first, commenced 30-60 min after the previous training cycle. Under 2-h conditions, the contingencies were reversed. Right lever presses were reinforced, and left lever presses resulted in 8 s of darkness under the FR 15 reinforcement schedule. Conditions were quasi-randomly assigned with the provision that the same training condition (22-or 2-h food deprivation) could not be given for more than two consecutive sessions.
Discrimination training continued until the subject emitted 80% or greater condition-appropriate responses prior to delivery of the first reinforcer and for the entire training session during all training cycles for eight of ten consecutive daily sessions.
Generalization tests
Generalization tests were conducted to assess the ability of sibutramine and rimonabant to alter the discriminative stimulus effects of 22-h food deprivation. To ensure discriminative control prior to the drug administration, rats were placed in the operant conditioning chamber 15 min prior to drug administration. Five minutes later, the first response period began during which only left lever presses were reinforced. No differences in discriminative performance were observed among these sessions conducted approximately 20.75 to 21.5 h after food was removed and sessions preceded by 22-h food deprivation. If conditionappropriate behavior occurred during the first response period, sibutramine (0.32-10 mg/kg, p.o., 30 min PT), water (p.o., 30 min PT), rimonabant (0.32-10 mg/kg, s.c., 60 min PT), or vehicle (75% propylene glycol, s.c., 60 min PT) was administered before the generalization test session. After drug, water, or vehicle administration, subjects were placed in stainless steel cages with no food or water present. Subjects were returned to the operant conditioning chambers 5 min before test sessions began.
Effects of water (p.o., 30 min PT) and 75% propylene glycol (s.c., 60 min PT) were also assessed under 2-h deprivation conditions using a similar procedure. The only procedural differences were that food was removed 2 h prior to the generalization test session, the first response period was initiated 30 min to 1 h after food was removed (no differences in performance were found among time ranging from 0.5 to 2 h food deprivation), and during the first response period only right lever presses were reinforced under the FR 15 reinforcement schedule.
During all generalization tests, responses on both levers were reinforced under the FR 15 reinforcement schedule. Generalization tests lasted until the subject earned 5 reinforcers or until 5 min elapsed, whichever occurred first. Immediately after most generalization tests, subjects were placed in stainless steel cages and had access to a preweighed amount of food (approximately 25 g of Teklad rat chow) placed on the floor of the cage and water available in a bottle attached to the cage. Food and water intake was measured at the end of 1 h. After this period, rats were returned to their home cage and had free access to food and water until 2 h before the next training session.
Appropriate discriminative performance for at least two training days (one preceded by 22-h deprivation, one preceded by 2-h deprivation) was required between generalization tests.
Data analysis
One-way analysis of variance was calculated (SPSS, Chicago, IL, USA) by assessing the effects of sibutramine or rimonabant compared to control conditions on the discriminative stimulus effects of 22-h food deprivation, lever pressing rate, and food intake. Tukey HSD post hoc tests were performed following significant ANOVA values to determine pairwise differences among conditions. Significant effects were noted if p<0.05.
Results
Rats learned to discriminate between 22-and 2-h food deprivation in a mean of 82 sessions (range 21 to 115 sessions). Sibutramine significantly decreased the discriminative stimulus effects of 22-h food deprivation (F (3,44) = 5.63, p=0.002, Fig. 1, top panel) . Post hoc tests revealed that 3.2 mg/kg sibutramine significantly reduced the discriminative stimulus effects of 22-h food deprivation compared to performance following both water and 0.32 mg/kg sibutramine administration. Eight of 14 rats given 3.2 mg/kg sibutramine selected the lever associated with 2-h food deprivation. Response rates were significantly reduced by sibutramine (F (4, 47) =11.30, p<0.001, Fig. 1 , middle panel). Lever pressing was significantly decreased following 3.2 and 10 mg/kg sibutramine compared to control response rates (22-h food deprivation preceded by water administration). After 3.2 mg/kg sibutramine, lever pressing rates were reduced to levels similar to those following 2-h deprivation. Following 10 mg/kg sibutramine, responding was virtually eliminated and significantly different than response rates following all other conditions. Food intake, measured for 1 h after the completion of the generalization tests, was assessed in a subset of rats receiving sibutramine. In these subjects food-deprived for 22 h, food intake was significantly reduced by sibutramine (F (4, 34) =8.53, p<0.001, Fig. 1, bottom panel) . Food intake following 3.2 mg/kg sibutramine was reduced compared to control conditions and was similar to food intake under 2-h deprivation conditions. A larger dose of sibutramine (10 mg/kg) reduced food intake further, and food intake was significantly less than intake following administration of water or 0.32-1.0 mg/kg sibutramine.
Unlike sibutramine, rimonabant did not alter the discriminative stimulus effects of 22-h food deprivation at any doses tested (F (4,48) =0.58, p=0.68, Fig. 2, top panel) . Response rates were significantly affected by rimonabant (F (4,50) =3.36, p=0.016, Fig. 2, middle panel) . Response rates following 10 mg/kg rimonabant were significantly less than those following vehicle or rimonabant (0.32-1.0 mg/kg) administration and similar to rates following 2-h food deprivation. Food intake was significantly reduced by rimonabant administration (F (4,47) =3.66, p=0.011, Fig. 2, bottom panel) . Rimonabant (10 mg/kg) significantly decreased food intake compared to control conditions.
Discussion
The goal of the present experiment was to assess the effects of sibutramine, a serotonin and norepinephrine reuptake inhibitor, and rimonabant, a cannabinoid CB 1 antagonist, on the discriminative stimulus effects of 22-h food deprivation. Both sibutramine and rimonabant decrease food intake in Fig. 1 non-human animals and decrease hunger, increase satiation, and decrease food intake in humans.
Sibutramine (3.2 mg/kg) produced a significant decrease in the discriminative stimulus effects produced by 22-h food deprivation. This dose also significantly decreased food intake and reduced response rates to values similar to those following 2-h food deprivation. These findings support the notion that sibutramine works in humans by decreasing appetite and increasing feelings of satiety (Luque and Rey 2002) .
These findings indicate that serotonergic and/or noradrenergic activation affects the discrimination of 22-h food deprivation. Further research is required to determine the pharmacological mechanism(s) responsible for this effect and differences between sibutramine, amphetamine, and fenfluramine. Corwin et al. found that the dopamine agonist, Damphetamine and fenfluramine, a serotonin agonist, did not reliably alter the 22-h stimulus in chronically food-restricted animals trained to discriminate between food presented 22 or 3 h before the experimental session. Previous research assessing the effects of sibutramine and other monoamine reuptake inhibitors on food intake indicated enhancing both serotonin and norepinephrine resulted in a significant reduction in food intake, whereas selective increases of either serotonin or norepinephrine were not effective (Jackson et al. 1997b ).
Rimonabant did not alter the discriminative stimulus effects of 22-h food deprivation. This indicates that sibutramine and rimonabant decrease food intake through different mechanisms. Previous research has indicated that rimonabant decreases reward-based feeding. Rimonabant selectively decreased consumption of palatable foods in several different species and feeding paradigms (Arnone et al. 1997; Mathes et al. 2008; Simiand et al. 1998) , and rimonabant decreases extracellular dopamine induced by a palatable diet (Melis et al. 2007) . While the measures in the discrimination paradigm do not address issues related to the rewarding aspects of food, the lack of effect of rimonabant in the discrimination paradigm indicates that sibutramine and rimonabant affect different feeding mechanisms.
These results are also consistent with an interpretation of our data to this point using the deprivation-discrimination paradigm. Under 2-h deprivation conditions, NPY and ghrelin substituted for the discriminative stimulus effects of 22-h food deprivation, indicating that the paradigm may be effective in identifying compounds that work by increasing energy needs. Conversely, sibutramine increases energy expenditure (Hansen et al. 1998 (Hansen et al. , 1999 , and in the current study, sibutramine decreased the discriminative stimulus effects of 22-h food deprivation. Future studies will examine the potential interaction between agents that produce discriminative stimulus effects of 22-h deprivation and agents that decrease these effects, although previous studies have indicated that these compounds can work independently (Brown et al. 2001) . In sum, these results indicate that the assessment of the discriminative stimulus effects of acute food deprivation may be a useful behavioral model to identify potential pharmacotherapies for obesity and other eating-related conditions.
